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Abstract
In this crossover study of ezetimibe monotherapy in 48 antiretroviral-treated patients with human 
immunodeficiency virus infection, the mean changes in low-density lipoprotein cholesterol were 
−5.3% (−11 mg/dL) and +5.5% (+4 mg/dL) with ezetimibe treatment and placebo, respectively (P 
= .04). Ezetimibe was safe and effective in reducing low-density lipoprotein cholesterol and is an 
option for patients who cannot tolerate treatment with a statin.
Cohort studies suggest that patients with HIV infection are at increased risk of 
cardiovascular diseases (CVDs) and that antiretrovirals may contribute to this excess risk [1–
5]. Elevation of low-density lipoprotein (LDL) cholesterol has been observed during therapy 
with preferred antiretroviral regimens for HIV infection—potentially heightening CVD risk 
[6–12]. Subsequently, the use of 3-hydroxy-3-methyl-glutaryl-CoA–reductase inhibitors 
(statins) has dramatically increased in HIV clinics in the United States [13]. However, 
therapy with statins can be problematic for HIV-infected patients receiving antiretrovirals, 
because of drug interactions and overlapping toxicity.
Ezetimibe reduces cholesterol absorption and is indicated as adjunctive therapy to diet 
and/or statins for the reduction of LDL cholesterol in patients with primary 
hypercholesterolemia [14]. The drug is metabolized independent of the cytochrome P3A4 
pathway and is glucoronidated by UGT1A1, UGT1A3, and UGT2B15; therefore, a 
significant interaction with anti-retroviral agents is unlikely. However, there are limited data 
regarding the use of ezetimibe in HIV-infected patients [15–17].
To explore the tolerability of ezetimibe and its effect on LDL cholesterol in HIV-infected 
individuals, we conducted a randomized double-blind, placebo-controlled, 2-period 
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crossover study of ezetimibe as monotherapy in patients receiving combination antiretroviral 
therapies.
Patients and methods
Participants were HIV-infected adults who were receiving a triple-antiretroviral regimen for 
⩾3 months, had an LDL cholesterol level ⩾75 mg/dL, a fasting triglyceride level ≤800 
mg/dL, a CD4+ cell count >100 cells/μL, alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) levels ≤1.5 times the upper limit of normal, and a serum creatinine 
level ≤1.5 times the upper limit of normal; they were not receiving a lipid-lowering 
medication (statins, fibrates, niacin, or fish oil) during the 3 months before study entry and 
had HIV RNA levels ≤10,000 copies/mL. All patients were referred from the University of 
North Carolina Infectious Diseases Clinic or the HIV and Cardiology Clinics at the 
University of California–San Francisco.
The study was approved by the institutional review boards at the University of North 
Carolina and the University of California–San Francisco. Participants were randomized to 
treatment with 10 mg ezetimibe daily or to placebo for 6 weeks, after which the study drug 
was stopped for a 2-week washout phase. Participants then restarted study treatment with the 
opposite therapy from their original assignment (figure 1). All subjects were asked to 
maintain their usual diet and exercise habits during the trial.
At entry and at weeks 6, 8, and 14, blood was collected after patient fasting (>8 h) for direct 
measurements of LDL-cholesterol (β-quant plasma ultracentrifugation), total cholesterol, 
high-density lipoprotein (HDL) cholesterol, and triglyceride levels (PPD Global Central 
Labs); blood chemistry; and CD4+ cell count. Self-reported study-drug adherence was 
assessed at each visit through use of a modified AIDS Clinical Trials Group Self-Reported 
Adherence Survey.
Adverse clinical and laboratory events were graded according to the Division of AIDS 
toxicity grading table. The study was monitored by the University of North Carolina School 
of Medicine Data and Safety Monitoring Board.
The primary objective was to compare the mean percentage change in directly measured 
LDL cholesterol with ezetimibe treatment versus placebo. In an a priori calculation that 
assumed a power of 80%, a 2-tailed α < .05, a treatment effect of a 17% reduction in LDL 
cholesterol following 6 weeks of active drug but no change with placebo, and an SD of 10, a 
sample size of 35 patients was needed. To account for loss to follow-up, the target 
enrollment was set at 50 subjects.
Differences in percentage change of lipid levels from pre- to postintervention between 
ezetimibe treatment and placebo were compared using generalized linear models with a 
normal probability distribution fit, with generalized estimation equations to account for 
repeated measures. All assessments were intention-to-treat analyses with the last observation 
carried forward. The proportion of subjects with a new grade 2 or greater adverse effect was 
compared between the study arms, as were mean percentage changes in HDL cholesterol 
and triglyceride levels.
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From February 2005 through March 2006, 48 patients were enrolled; 25 were randomized to 
receive ezetimibe first and then were switched to placebo, and 23 patients started with 
placebo and then were switched to ezetimibe (figure 1). Patient characteristics are shown in 
table 1.
The mean direct LDL cholesterol level (±SD) at entry was 128 ± 34.2 mg/dL and did not 
differ by study arm (P = .54). After 6 weeks of therapy, the mean percentage changes in 
LDL cholesterol were −5.3% ± 27% and 5.5% ± 19% with ezetimibe treatment and placebo, 
respectively (P = .04) (figure 2A).
The difference in mean percentage of LDL-cholesterol change attributable to ezetimibe, as 
compared with placebo, was −10.8% (95% CI, −21.3 to −0.3; P = .04). The 6-week mean 
(±SD) of the absolute change in LDL cholesterol was −11 ± 33 mg/dL with ezetimibe 
treatment, compared with 4 ± 26.8 mg/dL with placebo (P = .04) (figure 2B and table 2). 
The difference in mean absolute change of LDL cholesterol attributable to ezetimibe, as 
compared with placebo, was −15 mg/dL (95% CI, −29 to −1; P = .04). Treatment order did 
not influence these results.
HDL-cholesterol and triglyceride levels were comparable at study entry and at the end of 
each study period for both study arms (P = .21 for the HDL comparison and P = .90 for the 
triglyceride comparison) (table 1). There was no statistically significant difference in the 
means of percentage change or absolute change in HDL-cholesterol or triglyceride levels in 
comparison of ezetimibe and placebo (table 2).
Six subjects discontinued the study prematurely: 3 during the placebo or washout period and 
3 during the active-drug phase. Among those receiving ezetimibe, 1 experienced a new 
grade-2 increase in ALT and AST levels at week 6, 1 experienced grade-2 abdominal pain 
after a single dose of ezetimibe, and 1 moved from the trial-site area at week 3. Of note, the 
subject who developed the grade-2 ALT and AST levels entered the study with an ALT level 
that was grade 1 but <1.5 times the upper limit of normal and had hepatitis C virus 
coinfection. Of the placebo-receiving individuals who prematurely discontinued study 
medication, 1 developed a grade-2 increase in AST level at week 8 (end of washout), 1 
reported a grade-2 headache and nosebleed on day 3, and 1 experienced worsening of pre-
existing peripheral neuropathy at week 4. CD4+ cell counts were stable across time, with no 
effect of study treatment (data not shown).
Three patients modified antiretroviral therapy—all were receiving placebo at the time of 
modification and all received ezetimibe first in the crossover design—with the following 
changes: zidovudine-lamivudine to tenofovir-emtricitabine, amprenavir to fosamprenavir, 
and ritonavir-boosted atazanavir to unboosted atazanavir.
Perfect treatment adherence was reported by 87%, 93%, 98%, and 98% of all patients at 
weeks 3, 6, 11, and 14, respectively. Perfect adherence was reported at 94% of study visits 
(weeks 3, 6, 11, and 14), although adherence was slightly different by receipt of ezetimibe 
versus placebo (91% vs. 97%; P = .05).
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Ezetimibe monotherapy significantly reduced LDL-cholesterol levels among HIV-infected 
patients receiving antiretroviral therapy and was well tolerated. Six weeks of therapy with 
ezetimibe reduced LDL cholesterol by a mean of 11%. Data from epidemiological cohorts 
and trials of LDL cholesterol–lowering therapies demonstrate a log-linear relationship 
between LDL cholesterol and risk of coronary heart disease, such that every 1% decrease in 
LDL cholesterol is associated with a 1% reduction in the relative risk of heart disease [18, 
19]. Therefore, a decrease in LDL cholesterol of 11% would be meaningful to many HIV-
infected patients, with the assumption that ezetimibe-induced reductions in LDL cholesterol 
are equivalent to lifestyle or other lipid-lowering therapies in attenuating CVD risk. Recent 
comparative clinical trials of antiretroviral regimens that are preferred for initial treatment of 
HIV infection have observed on-study increases in LDL cholesterol of 4%–29% [5–12]. 
Therefore, monotherapy with ezetimibe may negate much of the LDL-cholesterol increase 
that accompanies potent antiretroviral therapy.
The major limitation of this investigation was the short duration of treatment. A study of 
longer administration of ezetimibe would provide additional data on the durability of the 
LDL-cholesterol reductions observed. However, clinical trials of lipid-lowering therapies, 
including those of ezetimibe, suggest a peak effect 4–6 weeks after treatment initiation, and 
the National Cholesterol Education Program recommends re-evaluation of lipid levels 4–6 
weeks after initiation of therapeutic interventions [18]. We intentionally enrolled patients 
with LDL-cholesterol levels that were not considered to be abnormally elevated. Because the 
relationship between LDL cholesterol and CVD is linear, the effect of the study intervention 
across a spectrum of LDL-cholesterol levels is of importance; however, the effects of the 
drug among those with much higher LDL-cholesterol levels may be different from what was 
observed. Other, smaller studies of ezetimibe among HIV-infected individuals have observed 
beneficial changes in HDL-cholesterol and triglyceride levels with this agent, whereas we 
did not observe any change [15–17]. Lastly, the ENHANCE Trial comparing ezetimibe in 
conjunction with simvastatin versus simvastatin alone in patients with heterozygous familial 
hypercholesterolemia showed no improvement in carotid intimal thickening with the 
addition of ezetimibe [20]. The results of ongoing large clinical trials of ezetimibe with 
clinical CVD outcomes among HIV-uninfected people may provide additional data to inform 
the use of this agent in HIV-infected individuals.
In summary, we found ezetimibe to be well tolerated in HIV-infected patients and to be 
capable of significant reductions in LDL cholesterol levels. Ezetimibe monotherapy should 
be considered to be a lipid-lowering option for HIV-infected patients requiring modest LDL-
cholesterol reduction and may be particularly useful in patients who are unable to take or do 
not reach their treatment goals with statins.
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A, Mean 6-week percentage change (and SD) in low-density lipoprotein (LDL) cholesterol 
levels of patients receiving ezetimibe versus placebo. B, Mean direct LDL-cholesterol levels 
before and after 6 weeks of treatment with ezetimibe (blackened dot) versus placebo (*).
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Table 1








Male sex   19 (76)   18 (78)   37 (77)
Ethnicity
 Black, non-Hispanic   12 (48)   11 (48)   23 (48)
 White, non-Hispanic   12 (48)   10 (43)   22 (46)
 Other     1 (4)     2 (9)     3 (6)
Age, mean years ± SD   47 ± 5.8   46 ± 7.3   46 ± 6.5
Cholesterol level, mean mg/dL ± SD
 Direct LDL 131 ± 38.2 125 ± 29.7 128 ± 34.2
 HDL   51 ± 15.3   47 ± 8.0   49 ± 12.4
 Triglycerides after fasting 166 ± 80.0 163 ± 75.7 165 ± 77.2
Body mass index,a mean ± SD   32 ± 23.4   31 ± 8.1   32 ± 17.5
CD4 count, mean cells/uL 592 ± 230 596 ± 311 594 ± 269
HIV RNA level <400 copies/mL   23 (92)   20 (87)   43 (90)
NOTE. Data are no. (%) of patients, unless otherwise indicated. Ezetimibe/placebo, the group that received ezetimibe in the first 6-week period and 
placebo in the second 6-week period; placebo/ezetimibe, the group receiving therapy in the reverse order.
a
Calculated as the weight in kilograms divided by square of the height in meters.
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Table 2
Direct low-density lipoprotein (LDL)-cholesterol, high-density lipoprotein (HDL)-cholesterol, and triglyceride 
levels at the start and end of the 6-week therapy study period.
Variable
Lipid level after fasting, mean mg/dL ± SD
PStart of therapy End of therapy
Direct LDL-cholesterol level
 With ezetimibe treatment 128 ± 35.3 117 ± 30.2 .04
 With placebo 128 ± 32.3 132 ± 30.1
HDL-cholesterol level
 With ezetimibe treatment   48 ± 13.2   48 ± 11.9 NS
 With placebo   48 ± 10.9   46 ± 12.3
Triglyceride level
 With ezetimibe treatment 177 ± 90.9 173 ± 93.9 NS
 With placebo 183 ± 133.1 184 ± 101.1
NOTE. NS, not significant.
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